Background: In June 2013, the FDA issued a Black Box Warning on synthetic colloids resulting from data indicating an increased risk of mortality, renal injury, and excess bleeding incidence in septic patients admitted to the Intensive Care Unit (ICU), and patients undergoing coronary artery bypass graft (CABG) surgery. The purpose of this study was to compare the incidence of mortality, incidence/severity of renal injury and bleeding in septic ICU patients, and patients undergoing 
Background
Hypovolemia is a state of decreased blood volume, specifically plasma. Of individuals admitted to the hospital to an inpatient status, septic intensive care unit (ICU) and coronary artery bypass graft (CABG) patients may be commonly affiliated with a state of hypovolemia. In order to achieve a euvolemic state, crystalloid or colloid therapies can be utilized. Common crystalloid therapies administered in this setting are 0.9% Sodium Chloride (0.9% NS) and Lactated Ringers (LR). Should crystalloid therapy not be desired, or is ineffective, hydroxyethyl starch 130/0.4 (HES 130/0.4), hetastarch, and albumin are colloids that may be used in hypovolemic patients to restore intravascular volume [1] [2] .
Hetastarch was initially used as an alternative to human albumin (HA) in a state of hypovolemia. Hetastarch has a large molecular weight, on average 670,000 daltons, as well as a molar substitution of 0.75 which has proven to significantly contribute to the adverse effect profile of renal impairment and coagulopathy [1] . This high molecular weight decreases the ability of the endogenous α-amylase enzyme to metabolize hetastarch into a lower molecular weight that the kidney can more effectively and efficiently eliminate [2] . A large molar substitution is a key component to the adverse effect profile as this correlates with the water solubility of the molecule. The larger the molar substitution the less water soluble resulting in decreased renal elimination [3] . Upon initial FDA approval in 2007, HES 130/0.4 provided physicians with an alternative to hetastarch for volume expansion providing a smaller molecular weight of 130,000 daltons and a lower molar substitution of 0.4. To gain FDA approval, the manufacturer presented data from two separate clinical trials. The first trial compared HES 130/0.4 to hetastarch in orthopedic surgery patients, and the second trial compared HES 130/0.4 to NS in severe sepsis patients. In the trial observing orthopedic patients, HES 130/0.4 demonstrated equivalent efficacy for intraoperative volume expansion when compared to hetastarch, and had a significantly lower effect on coagulation factors (von Willebrand factor, Factor VIII, and Ristocetin cofactor). In the analysis of severe sepsis patients, where HES 130/0.4 was compared to normal saline, patients receiving HES 130/0.4 received less overall volume to correct hypovolemia. As a result of these two trials, hydroxyethyl starch 130/0.4 was marketed to have decreased adverse effect profile when compared to hetastarch. Despite the evidence presented to the FDA upon approval, major safety concerns of all hydroxyethyl starch products continue including coagulation abnormalities, acute kidney injury/renal failure, and refractory pruritus which are generally in the post operative setting [2] [3].
Albumin is a natural colloid that can also be used in the setting of hypovolemia. Albumin has a molecular weight of 66,500 daltons. In the Saline verses Albumin Fluid Evaluation (SAFE) study, HA was found to be equally as effective as normal saline for volume expansion. However, this study also found that human albumin had an increased mortality rate in patients in the ICU setting with severe sepsis. It was also noted that the use of HA was associated with an increased incidence of renal dysfunction (increasing serum creatinine levels and need for dialysis up to two fold) [4] .
In June of 2013, the FDA has issued a Black Box Warnings regarding hydroxyethyl starch products because of data indicating an increased risk of mortality and renal injury; as well as, excess bleeding incidence in patients receiving these products. The data indicating increased risk of mortality and renal injury were observed in patients admitted to the ICU, particularly ICU patients with sepsis. Excess bleeding incidence was discovered in patients undergoing open heart surgery in association with cardiopulmonary bypass due to the negative effects HES has shown on coagulation factors. The FDA indicated that these effects could be seen up to 90 days after administration of these products [5] .
The FDA made these recommendations for use of HES solutions based upon three distinct trials that compared HES to crystalloid therapy in patients with severe sepsis and septic shock: the CRYSTMAS trial, the 6S trial, and the CHEST trial [6] - [8] . In addition to the FDA recommendations, there have been numerous pub-lished articles that debate if colloids are in fact superior to crystalloids for volume expansion. Multiple metaanalyses were conducted that support the FDA findings concluding that synthetic colloids, specifically HES, are associated with increased risk of renal failure when given to critically ill patients with sepsis [9] [10] .
In light of these warnings, as well as numerous literature sources recommending that HES 130/0.4 no longer be used as a volume expansion agent in specific patient populations, this study was designed to compare the safety profile of HES 130/0.4 to albumin by analysis of inpatient mortality, kidney injury according to Risk, Injury, Failure, Loss, End Stage Disease (RIFLE) criteria, incidence of hemorrhage after HES 130/0.4 administration, and severity of hemorrhage.
Methods
This is a retrospective, single center cohort study of matched patients who had an ICD-9 code of post CABG or an ICD-9 of sepsis in the ICU setting of a 433 bed tertiary care center that completes approximately 1000 CABG procedures annually. This study was conducted observing patients with these two distinct ICD-9 codes from June 2012 to June 2013, and was granted exempt status by the Western Institutional Review Board prior to data collection. An electronic database was surveyed for patients with the solitary ICD-9 diagnosis code for sepsis or CABG separately, who received HES 130/0.4 or albumin during their inpatient stay. Patient charts and electronic medical records were surveyed to evaluate patient specific parameters to determine mortality, RIFLE criteria, need for renal replacement therapy, and major or minor bleeding according to the modified Thrombolysis In Myocardial Infarction (TIMI) Study Group bleed criteria.
The primary endpoint of this study was defined as a composite of all-cause mortality. Secondary endpoints included the incidence and degree of acute kidney injury in accordance to RIFLE criteria, the incidence and degree of hemorrhage, and overall length of stay. Baseline lab values were established using the first recorded labs collected for the patient upon admission. Degree of kidney injury according to RIFLE criteria was determined by calculation of change in serum creatinine from baseline or decrease in urine output from baseline. The degree of hemorrhage in accordance to TIMI bleeding criteria was determined by calculating decreases in hemoglobin and/or hematocrit levels in association with any overt sign of hemorrhage or intracranial hemorrhage.
Patients who were considered for inclusion for this study were 18 years of age or older, had a separate inpatient diagnosis of sepsis while in the ICU or CABG identified by International Classification of Diseases, 9th Edition, Clinical Modification (ICD-9) Codes, and received either HES or albumin. Patients were excluded if complications developed greater than 90 days after administration of one of the suspected agents, non-septic ICU or non-CABG patients, received HES and albumin, or if they had pre-existing renal dysfunction (as defined by a calculated creatinine clearance of less than 15 mL/min as calculated by Cockroft-Gault or requiring renal replacement therapy) upon admission. Patients were excluded if they received both HES 130/0.4 and albumin due to the fact that the offending agent could not be determined in this circumstance. Prison inmates were also excluded for this study.
Statistical Analysis
Descriptive statistics for all demographic data was analyzed using electronic statistical software within Microsoft Excel. Continuous variables were analyzed utilizing the student's t-test. Categorical data was examined using the Fisher's exact and Chi-square tests. A p-value < 0.05 was considered statistically significant for all tests.
Results
An electronic survey revealed 2330 patients from June 2012-June 2013 who had the distinct ICD-9 diagnosis code for sepsis or the sole ICD-9 diagnosis code for CABG. From these 2330 patients who had an ICD-9 code of sepsis or a separate ICD-9 code of CABG, 583 patients composed the study cohort meeting inclusion criteria as being greater than 18 years of age, if septic then within the ICU setting, post-CABG, and received either albumin or HES 130/0.4. From the 583 patients making up the cohort, patients who received HES 130/0.4 (n = 36) or albumin (n = 53) alone were included in the study. Patients who received HES 130/0.4 and albumin in combination during admission were excluded from the cohort at this time. Due to time constraints, of the 583 patient meeting inclusion criteria data was collected and analyzed on 89 patients.
When observing baseline characteristics ( Table 1) there was no statistically significant variance between the Data is in mean (+/− SD) or N(%).
HES 130/0.4 (n = 36) and albumin (n = 53) arms after analysis with a student's t-test. Patients observed were on average in their early 60's in terms of age. Greater than 50% of patients in both arms were male with a baseline serum creatinine (Scr) of <1 mg/dL and creatinine clearance (CrCl) of >80 mL/min. For the primary outcome of all cause mortality, two patients in the albumin arm (3.8%) and one in the HES arm (2.8) passed away (p = 0.64) ( Table 2 ). In analysis of renal dysfunction, both deviation from baseline serum creatinine and urine output (UOP) levels were calculated (meaning any decrease in Scr or UOP from baseline). Of those with deviation, 41 albumin (77.4%) patients and 31 HES 130/0.4 (86.1%) had alterations in serum creatinine less than five days after administration (p = 0.30). This observation was also seen for deviation from baseline UOP, as 46 albumin (86.8%) and 35 HES 130/0.4 (97.2%) patients saw changes in urine output after administration (p = 0.09). Complete deviation from baseline serum creatinine and urine output by time frame is outlined in Table 3 and Table 4 . When stratifying patients to determine if RIFLE criteria were met from the extent of deviation, 26 albumin (49.1%) and 16 HES 130/0.4 (44.4%) patients met qualification for renal dysfunction (RIFLE criteria is outlined in definitions). These numbers indicate that there was no statistically significant difference between albumin and HES with respect to renal dysfunction (p = 0.66) ( Table 5) .
When observing the incidence and severity of bleeding by TIMI criteria, 34 albumin (64.2) and 21 HES 130/0.4 (58.3) patients met criteria for minimal bleeds (p = 0.58). For minor bleeds 17 albumin (32.1) and 13 HES 130/0.4 (36.1) met criteria (p = 0.69). Only 2 albumin (3.8) and 2 HES 130/0.4 (5.6) patients met criteria to be categorized as major bleeds (p = 0.36). Statistics for TIMI criteria bleeds can be seen in Table 6 .
In terms of overall hospital length of stay (LOS), patients who received albumin had an average length of stay of 11.46 days, compared to those receiving HES 130/0.4 which had an average LOS of 6.08 days (p = 0.003) ( Table 7) .
Discussion
The FDA developed their recommendations for use of HES 130/0.4 solutions based upon three distinct trials that compared HES 130/0.4 to crystalloid therapy in patients with severe sepsis and septic shock. The CRYSTMAS trial compared hydroxyethyl starch solution to 0.9% Sodium Chloride for fluid resuscitation. The CRYSTMAS trial produced results that showed no difference in mortality between the two agents [6] . However, this study was not adequately powered for the results presented. The 6S trial observed severe sepsis patients who received hydroxyethyl starch solution or Lactated Ringer. The 6S trial showed that patients receiving hydroxyethyl starch Data is in mean (+/− SD) or N(%).
solution had an increased mortality of statistical significance [7] . The CHEST trial compared hydroxyethyl starch solution to 0.9% Sodium Chloride in ICU patients. The CHEST trial reviled no significant difference in 90-day mortality between patients receiving the agents [8] . In addition to the FDA recommendations, there have been numerous published articles that debate if colloids are in fact superior to crystalloids for volume expansion. Multiple meta-analyses were conducted that support the FDA findings concluding that synthetic colloids, specifically hydroxyethyl starch solutions, are associated with increased risk of renal failure when given to critically ill patients with sepsis [9] [10]. This study challenges the FDA recommendations developed from the CRYSTMAS, CHEST and 6S trials. The hypothesis surrounding this study stated that synthetic colloids other than HES 130/0.4 were the offending agents. This hypothesis was derived due to the fact that many practioners using HES 130/0.4 expressed that they were not observing the same Black Box warnings the FDA published. After data analysis the hypothesis tested was accurate. When looking at all-cause mortality, there was no difference in patients receiving HES 130/0.4 and those who received albumin. This finding refutes the FDA statement that there is increased mortality in patients receiving HES 130/0.4. The results for incidence of renal dysfunction as stratified by RIFLE criteria were of no statistical significance. Within this stratification for renal dysfunction the time frame which a renal injury took place was also recorded. Of interest is that the majority of patients in both observed groups had deviation in Scr and UOP less than five days after receiving a dose of the agent. In both Scr and UOP observations a smaller percentage of patients in the albumin arm had a deviation. While this is not statistically significant it may have a clinical impact. Bleeding, as determined by TIMI criteria, also showed no statistically significant difference in patients receiving HES 130/0.4 versus albumin. These findings contradict the FDA statement that HES 130/0.4 solutions increase the patients' risk of renal dysfunction and bleeding. With respect to the FDA statement regarding observation of the adverse effects of HES 130/0.4 being seen up to 90 days post administration, this study indicated that most patients had an incidence of bleed or alternation in renal function less than five days after administration of the agent. Only one patient showed indication of renal injury > 30 days after administration with respect to both change in Scr and UOP, and only one patient displayed bleeding > 30 days post administration ( Table 8 ). Both observations of effects >30 days after administration were seen in the albumin arm of the study indicating that only a small percentage if any effects of HES are seen >30 days post administration. While this was not of clinical significance between the HES and albumin arms it is noteworthy that this study rarely displayed adverse effects > 30 days after administration. This study did identify that patients who received albumin had a significantly longer length of stay than those receiving HES 130/0.4. There were no observed trends or patient specific parameters which would indicate a reason for this outcome.
Our study does have limitations. First, our study was not powered and looked at a small patient population. Second, some patients may have been lost to discharge. Individuals who may have developed complications after discharge yet were still within the 90 day window would not have been detected unless the patient was readmitted to our facility. In addition, patients who received hydroxyethyl starch products other than HES 130/0.4 were excluded. These patients were not included into the study due to only seven patients in the selected date range receiving an agent other than HES 130/0.4. It should be noted that HES 130/0.4 was used significantly more than other HES formulations during this time frame due to formulary adherence by prescribing physicians. Also, patients received either HES 130/0.4 or albumin for their hypovolemic state by physician preference. There was no observed trend in those with a more severe illness receiving one agent over another.
Conclusion
With respect to all cause mortality, renal dysfunction, and bleeding, there was no significant difference in patients with the ICD-9 diagnosis code of sepsis in the ICU and patients with the ICD-9 diagnosis code of CABG who received either HES 130/0.4 or albumin. Patients with these specific and unique diagnosis codes, who received albumin, had a statistically significant longer length of stay compared to those administered HES 130/0.4. These findings may warrant further investigation with a larger sample of both ICD-9 groups of septic ICU patients and CABG patients.
